The avian myelocytomatosis virus strain MC29 v-myc oncogene transforms a wide panel of avian cells in vitro and either blocks or maintains differentiation, depending on the cell type. In the present work, we have investigated the effect of this oncogene on the differentiation of early embryonic cells, neural crest cells, grown in vitro. We report that the MC29 v-myc gene product induces a strong cellular proliferation of 2-day quail neural crest with the appearance of catecholaminergic traits. Other v-myc as well as the c-myc gene products also trigger this phenotype. Retroviruses carrying some other oncogenes do not elicit this phenotypic expression, although they activate cell multiplication. Thus, our results indicate that myc gene products induce (directly or indirectly) a differentiated phenotype in a subpopulation of neural crest cells.
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The avian myelocytomatosis virus strain MC29 induces in vivo myelocytomatosis, lymphoid leukemia, kidney liver carcinomas, and tumors of myogenic origin (1) (2) (3) (4) . MC29 virus expresses in the infected cells a gag-myc fusion protein of 110 kDa (Pllgag-myc) (5) . MC29 alters the competence for terminal differentiation of myogenic cells, but transformation of chondroblasts or macrophages by this virus does not suppress the appearance of differentiated traits (3, (6) (7) (8) .
Neural crest cells are the progenitors of neuronal and glial derivatives of the peripheral nervous system (9) . Here, we have focused on the catecholaminergic phenotype, which is found in vivo in neural crest-derived structures such as sympathetic ganglia and adrenal medulla (10, 11) . In vitro, 2-day neural crest cells, cultured in the absence of other cell types, only express catecholaminergic traits after addition of 10-15% chicken embryo extract (CEE) (12) (13) (14) (15) .
Our results indicate that the v-myc and the c-myc gene products greatly induce cell proliferation with the appearance of catecholaminergic characteristics in a subpopulation of neural crest cells grown in medium lacking CEE [nonpermissive (NP) medium]. This effect is specific for the catecholaminergic pathway, since no acetylcholine synthesis can be found in these cultures, whereas early crest cells preferentially synthesize this neurotransmitter in vitro (15, 16) . No 
MATERIALS AND METHODS
Culture Methods. Embryonic cells. Two-day trunk neural crest cells were obtained from neural tubes isolated from quail embryos with 20-24 somite pairs as described (17) .
Ciliary ganglia were dissected from four 5-to 7-day embryos, sensory ganglia from 5-to 9-day embryos, sympathetic ganglia and adrenal gland from 6-to 9-day embryos, and neural tubes from 3-to 7-day embryos.
Culture condition. Two-day trunk neural crests were grown in Dulbecco's modified minimum essential medium (GIBCO) supplemented with 10o (vol/vol) heat-inactivated fetal calf serum (GIBCO). This medium represents the NP basal medium.
In some experiments, 15% of 11-day CEE was added to the neural crest culture medium to allow the differentiation of catecholamine-expressing cells as described (12) .
Viruses and cell infection. Supernatants of 7-day quail or chicken neuroretina cells infected by the avian retrovirus MC29 produced from the molecular clone pMC38 (18, 19) , by avian carcinoma virus MH2 (20) , by MH2 mutant virus MH2-PA 200 (19) , and by the human c-myc gene inserted in a retroviral vector, vSX-AHM (21), were used in these experiments. All viruses were pseudotyped with Rousassociated RAV-1 helper virus produced from a molecular clone.
Immunolabeling of Cells. Antibodies. The identification of TyrOHase was performed by using a monoclonal antibody (15) . Myc-encoded products were revealed with a rabbit antiserum (22) . The presence of dopamine and laminin was detected with rabbit antisera given respectively by Dr (Amersham; specific activity, 33 Ci-mmol-1) for 4 hr followed by high-voltage paper electrophoresis (14) .
[3H]Thymidine Incorporation and Autoradiography. Neural crest cultures were labeled by the addition of [methyl-3H]thymidine (specific activity, 25 Ci-mmol-1; CEA, Gifsur-Yvette) to the medium (final concentration, 0.2 ACi/ml).
The cells were then washed extensively in PBS and treated for immunochemistry as described below. The cultures were coated with NTB2 emulsion (Kodak). Autoradiographs were exposed for 3 days, developed with the D19 developer (Kodak), and mounted in glycerol.
Protein Labeling, Immunoprecipitation, and Immunoblotting (Western Blotting). Cells were labeled, lysed, and immunoprecipitated as described (19) with a rabbit anti-myc antiserum (22) , a rabbit anti-mil antiserum (23) , and a rabbit anti-gag antiserum. Immunoprecipitated proteins were analyzed by SDS/PAGE, followed by fluorography (19) . For Western blotting, cells were trypsinized, and lysates were made as described (23) . A mouse antibody labeled with diaminobenzidine (Biosys, Compiegne, France) was used to reveal the binding of the monoclonal antibody to the TyrOHase.
RESULTS
Expression of Catecholamine Traits Exhibited by MC29-Infected Neural Crest Cells. Two-day neural crest cells grown in NP medium divided poorly and never expressed TyrOHase. In the presence of 15% CEE, the growth of neural crest cells was slightly increased, and after at least 1 week, some catecholamine-expressing cells were found (13) . They represented less than 1% of the total cell population.
Infection of 2-day neural crest cells in NP medium with MC29 (RAV-1) viruses resulted within 3-4 days in the appearance of several foci of actively dividing cells. Beginning with some 100 cells, we obtained several-100,000 cells after 3 weeks. These cells could be passaged at least 30 times. Two cell types were seen by phase-contrast observation in infected culture. The first type was of a polygonal shape and appeared flattened on the Petri dish, whereas the second type showed a more ovoid morphology and a reduced substrate adherence ( Fig. la) . Examination of the phenotypic properties of MC29-infected neural crest cells indicated that no cell expressed neurofilament proteins (data not shown), whereas melanocytes differentiated in about 10% of the cultures (Fig. lb) . TyrOHase-immunoreactive cells appeared as early as 5 days after infection' (Fig. ic) . . r S y e X 4 , w . s e After addition of viral pellets (each resuspended in a fresh NP medium), the morphology of neural crest cells was rapidly modified. Foci of fusiform cells emerged in the cultures and, among them, TyrOHase-expressing cells differentiated (Fig. 4 a and b) . No morphologically modified and no TyrOHase-expressing cells appeared when cells were grown in the supernatant of centrifuged mediums. In a set of control experiments, we centrifuged in the same manner the medium enriched with 15% CEE. When grown in the supernatant of 15% CEE-enriched medium, neural crest cells in contrast were able to differentiate into TyrOHase-expressing cells.
We have examined the effect of some extracellular matrix components on the induction of the observed phenotype. We cultured uninfected neural crest cells in NP medium on ghosts of MC29-transformed neural crest cells lysed by distilled water or previously fixed by ethanol. None of these substrates was able to promote catecholaminergic differentiation. In addition, as shown in Fig. 4 e andf, the distribution of laminin appeared similar, as judged by the immunochemistry experiment, in MC29-infected neural crest cell cultures and control noninfected neural crest cell cultures. In contrast, fibronectin immunoreactivity was somewhat lower in infected cultures (Fig. 4 c and d) .
Characterization of the Phenotype Displayed by TyrOHasePositive, MC29-Infected Neural Crest Cells. TyrOHase converts tyrosine into dopa. Dopa is then transformed into dopamine, noradrenaline, or adrenaline depending on the type of catecholaminergic cell. To determine whether the whole catecholaminergic biosynthetic pathway was activated in neural crest cells after MC29 infection, we looked first for the storage ofcatecholamine and second for neurotransmitter biosynthetic activity. TyrOHase-positive cells were doubly labeled with an antibody directed against dopamine, the first biogenic amine produced by the catecholamine metabolic pathway (Fig. 5 a and b) .
Infected MC29 neural crest cells also exhibited a catecholaminergic metabolism, converting [3H]tyrosine into dopamine and noradrenaline or adrenaline (Fig. 6 ). (27) , remains unidentified, although it was found to be a low molecular weight component (<10 kDa) (27) .
Extracellular matrix of somites also constitutes a favorable substrate for adrenergic development (28, 29) , and the active component was identified as fibronectin (29, 30) . More recently, molecules associated with the reconstituted basement membrane of Engelbreth-Hohm-Swarm sarcoma were described as being potent enhancers of adrenergic development of neural crest cells (31) .
The different myc gene products used were found to be equally effective in TyrOHase induction: the gag-myc fusion gene product of MC29, the myc gene product of MH2, or the human c-myc gene product overexpressed through sX-AHM retroviral vector. The effect of the myc gene is restricted to catecholaminergic metabolism, since no acetylcholine was produced after infection with MC29. Acetylcholine is nevertheless the first known neurotransmitter elaborated, to our knowledge, by neural crest cells (16 Among the neural crest-derived structures, the sensory ganglia and the cholinergic ciliary ganglia were found to produce detectable numbers of TyrOHase-positive cells after infection with MC29. These two ganglionic structures contain catecholaminergic precursors that differentiate in vivo after ectopic graft in the avian embryo and migration into a favorable environment (33) (34) (35) . In our experiments, it is highly probable that these latent autonomic precursors are also induced to differentiate in the presence of myc gene products.
Sympathetic ganglion cells continue to divide, in vivo, after the acquisition of neuronal properties (36, 37) and express catecholaminergic traits when cultured in vitro. Surprisingly, no TyrOHase-expressing cells were detected in infected cultures of sympathetic ganglia and adrenal medulla after 4-5 passages. Therefore, it seems that during the differentiation of autonomic cells, the positive influence of the myc gene products can only act on a very early step, before the establishment of catecholaminergic metabolism.
